Structure and dynamics of lysozyme encapsulated in a silica sol-gel matrix.
Proteins entrapped in sol-gel matrices have been extensively studied during the last 15 years, showing that most of them can be encapsulated with retention of their native structure and functionality and with enhanced stability. However, relatively little is known about the structural and dynamical details of the biomolecule-matrix interactions. To achieve this goal, the model protein hen egg white lysozyme (HEWL) has been entrapped in sol-gel matrices prepared from tetraethyl orthosilicate through an alcohol-free sol-gel route, and the photophysical properties of its fluorescent tryptophans have been determined using both steady-state and time-resolved fluorescence techniques. By combining fluorescence spectra, quenching experiments, lifetimes, and time-resolved fluorescence anisotropy measurements, we have obtained information on the structure, dynamics, and solvation properties of the entrapped protein. Our results show that the environment of HEWL within the silica pore as well as its internal dynamics is similar to that in aqueous solution, except that the protein showed no or, depending on conditions, very much slower global motion but retained its internal angularly restricted (hindered) segmental rotation upon entrapment. The experiments carried out at different experimental conditions indicate that, below the isoelectric point of the protein, a strong electrostatic interaction is established between the protein molecule and the negatively charged sol-gel walls, which is ultimately responsible for the total arrest of the overall rotation of the protein, but without significant effect upon its segmental rotational relaxation. The electrostatic nature of the interaction is clearly established since either reducing the positive charge of the protein (by increasing the pH toward its isoelectric point) or increasing the ionic strength of the solution (shielding against the attractive interaction) leads to a situation in which the protein freely rotates within the matrix pore, albeit an order of magnitude more slowly than that in free solution under similar macroscopic solution conditions, and still retains its segmental rotational properties.